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Abstract: This study was undertaken to understand the level of genetic variability and relationship that exist
among yield and yield related traits in African yam bean (AYB). Information on the genetic variability and trait
relationships will give room for selection of stable high yielding genotypes with complementary yield
components. The field study was conducted in 2009 and 2010 at the Research farm of Michael Okpara
University of Agriculture Umudike. Ten accessions of African yam bean were laid out in a randomized complete
block design (RCBD) with three replications. Data collected on the yield and yield related traits were subjected
to analysis of variance. Correlation and path coefficients of the yield traits to yield were estimated. There was
significant (p= 0.05) variability in the yield and yield traits among the AYB accessions. The genetic variance
was lower than the phenotypic variance in all measured traits indicating environmental influence in the
expression of the traits in both years. There was high heritability of 70% for most of the traits including pod
length, number of pods per plant and seed yield in both years. The yield components complement each other
in most cases in the two years. Pod length and number of pods/plant showed higher magnitude positive direct
effect on seed yield in both years, while number of seeds/pod showed high magnitude negative direct effect
on seed yield in both years. Hence, selection of genotypes of AYB with more pods and longer pods that
showed positive and high magnitude direct effect on seed yield especially as the yield components are
complementary in action will lead to an increase in seed yield.
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INTRODUCTION varying from 21 to 29%, lower than that of Soybean

African yam bean (Sphenostylis sternocarpa Hochst. the protein are equal to or better than those  in  Soybean
Ex. A Rich Herms ) or AYB is one of the many so called [6, 7].
under used crops that could help address the world’s The success of any breeding programme in general
food security issues today and tomorrow. It is a and improvement of specific trait through selection,
leguminous crop of tropical Africa  with  edible   tubers depends upon the genetic variability present in the
and  the  most  culturally and economically important of available germplasm of a particular crop. For the success
the  seven  species  of  the  genus  Sphenostylis [1, 2]. of the crop improvement programme, the characters for
This legume is of minor importance [3, 4] and has long which variability is present should be highly heritable as
been used as a traditional dual seed grain and tuber food progress due to selection depends on heritability,
crop in Africa [5]. African yam bean is one of few legumes selection intensity and genetic advance of the character.
which the local populations of West and Central Africa Heritability and genetic advance estimates helps the
depend on  for the supply of essential amino acids in breeder to apply appropriate breeding methodology in the
their diets since animal protein could be very expensive. crop improvement. Main thrust in any crop improvement
Although  the   seeds   have  crude  protein  levels programme  is  to enhance  yield.  As  an established fact,

(Glycine max, 40%) the lysine and methionine levels in
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yield a complex trait and is dependent on many characters
which are mostly inherited quantitative. The different
morphological  traits  are  inherited  quantitatively [8].
Selection based on yield alone  can  be  misleading [9].
Understanding the relative contribution of each trait to
yield  maybe   accomplished  with  correlation  analysis
but correlation alone does not provide adequate
information on contribution of each trait towards yield.
Path coefficient analysis that untangles correlation
coefficients into direct and indirect effects is the most
appropriate way to find out the contribution of the causal
factors of association among the different variables to
yield. Path coefficient analysis can discriminate between
the realistic (genetic) and inflated (environmental effects)
correlation [10]. The knowledge of direct and indirect
effects of different components on yield is of prime
importance in selection. The present studies were
therefore undertaken to estimate the genetic variability as
well as the inter-relationship between yield and associated
traits in the African yam bean with the hope that such
information may be useful for further improvement of the
crop.

MATERIALS AND METHODS

Two field experiments were conducted in 2009 and
2010 cropping seasons at the Research farm the Michael
Okpara University of Agriculture, Umudike, Nigeria (05°
29' N, 33' E; 122 m a.s.l.). The monthly rainfall, temperature
and relative humidity of the location during the cropping
seasons are presented in Table 1. The ten African yam
bean (AYB) accessions that were used in the present
study were sourced from the AYB producing areas of
Nigeria (Table 2). The accessions were grown in a
randomized complete block design (RCBD) with three
replications and the plot size was 2.5m x 5m and the seeds
were planted at a spacing of 50cm x 100cm on the 28  ofth

May, 2009 and 30  of June, 2010, respectively. The plotsth

were weeded manually to keep weed pressure low.
Data on number of days to flowering, pod filling

period, number of days to physiological maturity, dry
matter yield/plot (g), number of seeds/pod, number of
pods/ plant, pod length,100 seeds weight (g) and seed
yield (kg/ha) were measured. Analysis of variance was
performed on all the traits using the GenStat Discovery
edition 3 [11]. Genotypic, phenotypic and error variances
were estimated using the formulae of Wricke and Weber
[12] and Prasad et al., [13]:

Table 1: Agro-meteorological data on rainfall, temperature and relative
humidity of Umudike in 2009 and 2010.

2009 Temperature Relative humidity
----------------------------- ------------------- ------------------------------

Rainfall
Month Amount Max Min 09.00hrs 15.00hrs
May 306.1 32.4 23.0 78.9 70.0
June 237.5 31.5 22.5 84.0 73.7
July 300.9 29.9 22.3 87.3 78.7
August 287.4 29.4 22.4 87.6 76.6
September 205.3 30.3 29.0 85.3 71.6
October 305.3 30.4 22.5 82.3 73.3
November 23.7 32.0 22.2 75.0 58.9
Mean 238.03 30.84 23.41 82.91 71.83
2010
May 138.5 32.2 24.2 83.3 70.3
June 427.0 30.1 23.6 86.3 78.3
July 310.20 29.6 23.0 86.4 76.8
August 376.7 29.5 23.0 87.7 77.8
September 303.3 29.5 22.8 88.4 75.6
October 349.0 30.8 22.8 86.3 78.0
November 77.8 31.0 23.4 87.9 70.60
Mean 283.21 30.39 23.26 86.41 75.34

Table 2: Accessions numbers and place of collection of the accessions
Accession number Place of Collection Ecological zone
AYB-01 Ankpa, Benue State Derived Savanna
AYB-02 Eha-Alumona, Enugu State Derived Savanna
AYB-03 Ekwashi, Benue State Derived Savanna
AYB-04 Gwer, Benue State Derived Savanna
AYB-05 Ikwuano, Abia State Rainforest
AYB-06 Ikwo, Ebonyi state Rainforest
AYB-07 Isikwuato, Abia State Rainforest
AYB-08 Nsukka, Enugu State Derived Savanna
AYB-09  Tarka, Benue State Derived Savanna
AYB-10 Umuahia, Abia State Rainforest

where: MSG, MSE and r are the mean squares genotypes,
mean squares error and number of replication
respectively. The phenotypic (PCV) and genotypic (GCV)
coefficients of variations were estimated by the methods
of Burton [14] and Johnson et al., [15] as:

where: VP, VG and X are phenotypic and genotypic
variances and grand mean respectively for the traits under
consideration. Broad sense heritability (h B) was2

expressed as the percentage of the ratio of VG to VP on
genotypic mean basis as described by Allard [16]. Genetic
advance was estimated by the method of Fehr [17] as GA
= k(Sp) H B where k is a constant (2.06 at 5% selection2

pressure), sp is the phenotypic standard deviation vVP,
h B is the broad sense heritability. GA was calculated as2

a percentage of the mean.
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Principal component analysis (PCA) was also used to
evaluate the traits contributing to the phenotypic
variation among the accessions [18]. Traits with high
loading in PCA were used in correlation analysis to
examine the inter- relationships among the traits using
SPSS for Windows Version 16.0, while path analyses were
done to determine the direct and indirect effects of each
trait to yield according to the procedure of Dewey and Lu
[19].

RESULTS AND DISCUSSION

The  physico-chemical  properties  of  the  soils of
the  study area  in  the two years are shown in Table 3.
The results showed that the soil of the area texturally
consisted of sandy loam soil. The pH in the two years are
acidic with low nitrogen and organic matter. Analysis of
variance revealed significant differences for most of the
traits in AYB in the two years of study except for number
of seeds/pod and pod filling period in 2009 and pod filling
period and dry matter/plot in 2010 that were not
significant. This results indicated that is ample scope for
selection of different quantitative traits in the AYB
accessions (Table 4). Estimates of the variances
components for all the traits showed that the phenotypic
and genotypic components were close  to  each  other.
The magnitude error variances was lower than the
genotypic variances except for number of seeds/pod in
2009 (Table 5) indicating that the genotypic component
was the major contributor to the total variance for these
traits. This shows that the variability observed has more
of a genetic than a non-genetic basis. This indicated that
there is considerable scope for selection among the
accessions. Similar results have been reported by Baye
[20], Nwofia et al. [21]; Sood et al. [22] and Nwofia and
Ojimelukwe [23].

The phenotypic and genotypic coefficients of
variability (PCV and GCV) as well as heritability in the
broad sense and genetic advance are shown in Table 6.
The difference between the PCV and GCV was low for all
traits in the two years of study. The close proximity
between PCV and GCV is an indication that there was little
environmental influence on the expression of these traits.
Similar results have been reported by  Baye  [20], Nwofia
et al. [21]; Sood et al. [24], Sood et al. [22] and Nwofia
and Ojimelukwe [23].

Estimates of heritability acts as a predictive
instrument in exercising the reliability of phenotypic
value. Therefore, it helps the breeder to  make  selection
for  a  trait  when heritability is high. Genetic advance is a

Table 3: Physico-chemical properties of the soil of the experimental site
used in 2009 and 2010

Physical properties 2009 2010
Sand (%) 78.14 78.12
Silt(%) 7.40 7.60
Clay(%) 14.46 14.28
Textural class Sandy –loam Sandy-loam
Chemical Properties
PH 5.54 5.14
Available phosphorus (mg/kg) 22.00 15.20
Total Nitrogen(%) 0.05 0.10
Organic matter(%) 1.75 1.07
Exchangeable bases
Calcium (cmol/kg) 2.80 2.20
Magnesium (cmol/kg) 1.60 1.40
Potasium (cmol/kg) 0.12 0.14
Sodium (cmol/kg) 0.09 0.09

Table 4: Mean squares and variance ratios obtained in analyses of variance
of yield and associated traits in African yam bean (Sphenostylis
sternocarpa) (L). Hoscht 

Attributes Genotype Error Variance ratio 
2009

Number of seeds/pod 3.422 2.323 1.47ns

Number of pods/plant 144.35 38.15 3.78**
Pod length (cm) 18.474 3.37 5.48**
Pod filling period 52.01 21.64 2.40ns

Number of days to physiological 19.84 6.282 3.16**
Dry matter/plot(g) 289.40 104.70 2.76**
Number of days to flowering 87.82 13.48 6.51**
100 seed weight(g) 72.31 12.46 5.80**
Seed yield (kg/ha) 115795.00 174.08 6.65**

2010
Number of seeds/pod 3.545 1.438 2.47*
Number of pods/plant 114.36 31.30 3.65**
Pod length (cm) 16.726 2.747 6.09**
Pod filling period 45.25 20.97 2.16ns

Number of days to physiological 25.695 4.959 5.18**
Dry matter/plot(g) 279.20 142.30 1.96ns

Number of days to flowering 59.263 9.488 6.25**
100 seeds weight(g) 44.12 18.37 2.40ns

Seed yield (kg/ha) 60196.00 10714 5.62

useful indicator of the progress that can be expected as a
result of exercising selection on the pertinent population
[22]. Heritability was high for most of the traits except for
number of seeds per pod, pod filling period, days to
physiological maturity and dry matter/plot in 2009 and
number of seeds/pod, pod filling period, dry matter/plot
and 100 seeds weight in 2010. Heritability along with
genetic advance is more useful than heritability alone in
predicting the resultant effect of selecting best individual
genotype as it suggests the presence of additive gene
effects [22]. The higher estimates of heritability coupled
with  higher  genetic advance for number of pods/plot and
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Table 5: Phenotypic (Vp), genotypic (Vg) and error variances (Ve) of yield Table 7: Eigenvector values for principal components of yield and
and associated traits in African yam bean (Sphenostylis
sternocarpa (L) Hoscht

Attributes Vp Vg Ve

2009

Number of seeds/pod 1.14 0.37 0.77
Number of pods/plant 48.12 35.40 12.72
Pod length (cm) 6.16 5.03 1.12
Pod filling period 17.34 10.12 7.21
Number of days to physiological 6.61 4.52 2.09
Dry matter/plot(g) 96.47 61.57 34.90
Number of days to flowering 29.27 24.78 4.49
100 seed weight(g) 24.10 19.95 4.15
Seed yield (kg/ha) 38598.33 32795.67 5802.67

2010

Number of seeds/pod 1.18 0.70 0.48
Number of pods/plant 38.12 27.69 10.43
Pod length (cm) 5.58 4.66 0.92
Pod filling period 15.08 8.09 6.99
Number of days to physiological 8.57 6.91 1.65
Dry matter/plot(g) 93.07 45.63 47.43
Number of days to flowering 19.75 16.59 3.16
100 seeds weight(g) 14.71 8.58 6.12
Seed yield (kg/ha) 20065.33 16494.00 3571.33

Table 6: Phenotypic coefficient of variability (PCV), genotypic coefficient
of variability (GCV), broad sense heritability (h B) and genetic2

advance of yield and associated traits in African yam bean
(Sphenostylis sternocarpa (L) Hoscht)

Attribute Mean PCV GCV h B GA2

2009

Number of seeds/pod 14.71 0.07 0.04 32.12 14.96
Number of pods/plant 18.90 0.37 0.31 73.57 75.61
Pod length (cm) 24.97 0.10 0.09 81.76 20.47
Pod filling period 52.09 0.08 0.06 58.39 16.47
Number of days to
physiological 155.22 0.02 0.01 68.34 3.41
Dry matter/plot(g) 48.20 0.20 0.16 63.82 41.98
Number of days to flowering 96.14 0.06 0.05 84.65 11.59
100 seeds weight(g) 29.21 0.17 0.15 82.77 34.62
Seed yield (kg/ha) 458.00 0.43 0.40 84.77 88.37

2010

Number of seeds/pod 12.82 0.08 0.07 59.44 17.47
Number of pods/plant 16.20 0.38 0.32 72.63 78.51
Pod length (cm) 24.02 0.10 0.09 83.58 20.25
Pod filling period 50.51 0.08 0.06 53.66 15.84
Number of days to
physiological 154.06 0.02 0.02 80.70 3.91
Dry matter/plot(g) 30.70 0.31 0.22 49.03 64.73
Number of days to flowering 94.53 0.05 0.04 83.99 9.69
100 seeds weight(g) 24.41 0.16 0.12 58.36 32.36
Seed yield (kg/ha) 372.00 0.38 0.35 82.20 78.44

associated traits in African yam bean (Sphenostylis sternocarpa (L)
Hoscht)

Attributes PC1 PC2 PC3 PC4

2009

Days to flowering -0.4851  0.070  0.3734 -0.0156
Dry matter/plot (g)  0.1918 -0.2976  0.3852 -0.7945
Number of days to
physiological -0.1412  0.0702  0.7704  0.2291
Pod filling period  0.5130 -0.0027  0.1640  0.3409
Pod length(cm)  0.4997  0.1345 -0.0033 -0.2297
Number of pods/plant -0.0396 -0.6697 -0.0434  0.0868
Number of seeds/pod 0.4352 -0.0741 0.2968 0.3079
Seed yield(kg/ha) -0.0638 -0.6551 -0.0419 0.2116
Eigenvalues 2.67750 2.06358 1.34106 0.77015
Percentage variation 33.50 25.80 16.80 9.60
Cumulative 33.50 59.30 76.00 85.70

2010

Days to flowering  0.4844  0.2495 -0.1349 -0.0304
Dry matter/plot (g)  0.1682 -0.1948 -0.5875 0.5995
Number of days to
physiological  0.1909  0.2436 -0.6802 -0.3206
Pod filling period -0.4625 -0.1350 -0.2863 -0.3912
Pod length(cm) -0.4355 -0.0639 -0.0757 0.5555
Number of pods/plant  0.2148 -0.6458 -0.0300 -0.1074
Number of seeds/pod -0.4261 -0.1742 -0.2884 -0.2179
Seed yield(kg/ha)  0.2633 -0.6089 0.0464 -0.1278
Eigenvalues  2.7422  1.88427 1.32557 0.82507
Percentage variation  2.7422  23.60 16.60 10.30
Cumulative  33.90  57.50 74.10 84.40

seed yield/ha for both years and 100 seeds weight in 2009
indicated that heritability for  these  traits  is mainly  due
to additive  gene  effects and subsequently a high
genetic is expected from selection under such situations.
High heritability and moderate genetic advance was
observed for pod length in both years. Low heritability
accompanied by low genetic advance observed in pod
filling period and days to physiological maturity is
indicative of non-additive gene effect for its inheritance
and these traits can be improved by hybridization and
hybrid vigor [22].

Principal Component analysis (PCA) showed that the
first four PCs were important in both years and explained
84.40% and 85.70% of the total variation in 2009 and 2010
(Table 7). PC1 had an eigenvalue of 2.67750 and
accounted for 33.50% of the total variation in 2009 while
in 2010 the eigenvalue was 2.71422 and accounted for
33.90% of the total variation. This variation represents an
equivalent of four variables and indicated that number of
days to flowering, pod filling period and number of seeds
per  pod  were  important  contributing  variables  in both
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Table 8: Correlation coefficients of yield and associated traits in African yam bean (Sphenostylis sternocarpa (L) Hoscht) in 2009 and 2010 cropping seasons.
2009 2010
----------------------------------------------------------------------------- ---------------------------------------------------------------------------------
Pod Number of Number of 100 seed Seed yield Pod Number of Number of 100 seed Seed yield 

Attribute length pods/plant seeds/pod weight /hectare length pods/plant seeds/pod weight /hectare
Pod length - - 0.208 0.513** 0.006 - 0.245 - - 0.183 0.448** -0.88 -0.228
Number of pods/plant - 0.062 0.636**  0.888** - - 0.023 0.096 0.846**
Number of seeds/pod - 0.087  0.030 - 0.071 -0.092
100 seeds weight -  0.627** - 0.006
Seed yield /hectare - -

Table 9: Direct (Diagonal) and indirect effects of yield components of African yam bean (Sphenostylis sternocarpa (L) Hoscht ex A. Rich) in 2009 and 2010
cropping seasons.

2009 2010
-------------------------------------------------------------------------------- --------------------------------------------------------------------------------
Pod Number of Number of 100 seed Pod Number of Number of 100 seed

Attribute length pods/plant seeds/pod weight Correlation length pods/plant seeds/pod weight Correlation
Pod length  0.6529 -0.2183 - 0.1896 0.0000 0.245 2.4171 -0.1931 -0.5819 -1.8652 0.223
Number of pods/plant - 0.1358 1.0495 - 0.02292 0.0028 0.888** -0.4423 1.0551 0.0299 0.2035 0.846**
Number of seeds/pod  0.3349 0.0651 - 0.3696 0.0004 0.03 1.0829 -0.0243 -1.2988 0.1505 0.006
100 seeds weight - 0.0039 0.6675 - 0.0322 -0.0044 0.627** -2.1270 0.1013 -0.0922 2.1195 0.002
Residual -0.078 0.526

years. PC2 had an eigenvalue of 2.06358 contributing positive direct effect on seed yield/ha in 2009 (1.0495) and
25.80% of the total variation in 2009 while in 2010 the PC2 this was followed by pod length (0.6529). Number of
had an eigenvalue of 1.88427 and contributed 23.60% of seeds/pod and 100 seeds weight had negative direct
the total variation. In both years, one number of effect on seed yield in 2009 (Table 9). In 2010, pod length
pods/plant had high loading in PC2 and so the variation had the highest positive direct effect on seed yield /ha
observed was accounted for by this trait. PC3 had an (2.4171) and this was followed by 100 seed weight (2.1195)
eigenvalue of 1.34106 and contributed 16.80% of the total and  number    of     pods/plant    (1.0551),   while  number
variation in 2009 while in 2010 it had eigenvalue of 1.32557 of  seeds/pod  had  negative  direct  effect  on seed yield
and accounted for 16.60% of the total variation. PC3 had (-1.2988). In both years, pod length had negative indirect
high loadings for number of days to physiological effect through other traits on seed yield /hectare while in
maturity and dry matter/plot in both years. PC4 in both both years, number of pods/plant had positive indirect
years had eigenvalue less than one accounted for only effect on seed yield through 100 seeds weight, number of
9.60% and 10.30% of the total variation. pods/plant had  positive  indirect  effect  only  in  2010

Seed yield/ha was significantly and positively with number of  seeds/pod,  while  it  had negative
correlated with number of pods/plant(r=0.888**) and 100 indirect effect through pod length in both years. 100
seeds weight (r= 0.627**) in  2009  while  in  2010  only seeds weight had mostly negatively indirect to seed
number of pods/plant was positively and significantly yield/hectare in both years with most of the traits except
correlated with seed  yield/ha  (r  =  0.846**,  Table  8). for number of pods/plant that it had positive indirect
Pod length was significantly and positively associated effect in both years. This results shows that the largest
with number of seeds/pod in both years (r= 0.513** and single contributor to seed yield/hectare in African Yam
r = 0.448**), while the same trait was negatively correlated bean was number of pods/plant and pod length.
with yield and other components in both years. Number Incidentally, the two traits were the two major traits that
of pods/plant was significantly and positively correlated had high correlations in 2009 with seed yield/hectare;
with 100 seeds weight in 2009 but had only significant but therefore selection for these traits can lead to
non-positive association with the same trait in 2010. improvement in AYB. Earlier reports by Ene-Obong and
These associations agree with several reports made on Okoye [7] showed that seed size is an important
other food legumes [7, 25-28]. contributor to seed yield in AYB. That number of

Path coefficient analysis carried out to estimate the pods/plant was implicated as the primary contributor to
direct and indirect contributions of various component seed yield in AYB was not surprising as it has been
traits for recommending a reliable selection criterion shown to be one of the major contributors to seed yield in
revealed that number of pods/plant had the highest legumes [27-30].
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